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Septin Filaments Do the Twist
Septins are a highly conserved family of filamentous
GTPases required for cell division in a wide range of
eukaryotic organisms. In a recent issue of Nature,
Vrabioiu and Mitchison use polarized fluorescence
microscopy to show that septin filaments undergo
a highly orchestrated rotation, from a longitudinal to
circumferential orientation, coincident with splitting
of the septin ring during cytokinesis (Vrabioiu and
Mitchison, 2006).
Cytokinesis in animal cells involves the selection of
a midpoint between two daughter cells and the forma-
tion and constriction of an actomyosin ring structure.
The septins are a conserved family of GTP binding pro-
teins that appear to play a critical, yet ill-defined role in
this process. Septins exist in the cytosol as heteromeric
complexes and these are capable of assembling into
filamentous networks that can subsequently bundle
laterally. Septin filaments have been shown to directly
associate with membranes, and under specific circum-
stances are colocalized with both the actin and microtu-
bule cytoskeletons. In the various organisms in which
they have been studied, they have been suggested to
participate in a cell-cycle checkpoint, assist in the ori-
entation of the spindle polar body, act as a diffusion
barrier, regulate membrane traffic, and serve as multi-
molecular scaffolds to concentrate essential signaling
molecules.
Septins have been characterized most extensively in
the budding yeast, Saccharmomyces cerevisiae (see
Versele and Thorner [2005] and Douglas et al. [2005]
for review). The distribution of septins during yeast bud-
ding has been visualized using fluorescence micros-
copy and GFP-tagged proteins. Starting with the forma-
tion of a patch on the inner leaflet of the plasma
membrane, at the presumptive bud site, the septins
then coalesce into a ring structure. Initially, septins set
up the morphogenesis checkpoint, which allows the
cell to monitor bud emergence prior to repositioning
of the spindle pole bodies (SPBs) (see Lew [2003] for re-
view). The septin structure remains directly apposed to
the plasma membrane and spreads into an hourglass-
shaped, collar-like structure as new membrane and
other cellular components are targeted to the growing
bud (Figure 1, left). The septin structure also appears
to act as a diffusion barrier to prevent the movement
of some proteins, including Lte1p, from the bud back
to the mother cell (Castillon et al., 2003). In addition,
septins are required for recruitment of myosin early in
cell division, which then drives assembly of the actomy-
osin contractile ring in late telophase. Once nuclei are
positioned at the poles of the mother and daughter
cells, the septin collar splits evenly at the midpoint be-
tween the mother and daughter cell, creating a narrow
band of free cortical membrane at what becomes thecleavage plane (Figure 1, right). Factors essential for
the final stages of cell division, such as the exocyst
complex, the polarisome, and chitin synthase, then
localize to this region, followed by constriction of the
actomyosin ring and subsequent abscission (Dobbe-
laere and Barral, 2004).
The regulation of septin filament dynamics through-
out this process appears to be very complex, and its
study has led to a controversy in the field over how sep-
tins are organized within these structures. The septin
ring was first speculated to be comprised of concentric
rings, based on the detection of filament-like structures
lying adjacent to the mother-bud neck when tangential
sections of the neck were analyzed by electron micros-
copy. Indeed, the dimensions of these filaments fit well
with the dimensions of septin proteins induced to poly-
merize in vitro (see Gladfelter et al. [2001] for review).
However, more recent data have revealed that septin
filaments undergo extensive posttranslational modifica-
tion and interact with various other proteins in a stage-
dependent manner during the progression of cell divi-
sion. Through repeated cycling of its GTPase activity,
the mitotic GTPase Cdc42 plays a key role in the forma-
tion of the septin patch and its subsequent transforma-
tion into a ring. In addition, activated Cdc42 recruits the
kinase Cla4, which has been shown to phosphorylate
the septins, leading to their overall stabilization from
a fluid to a static hourglass-shaped structure, as deter-
mined by FRAP assays (Figure 1, middle). The kinase
Gin4p is also recruited to the septin neck filaments
and specifically phosphorylates the septin Sep7. More-
over, in the absence of these kinases, septin staining is
abnormal, with several thick bars of septin protein ori-
ented along the mother-bud axis. This has led to spec-
ulation that, rather than being concentric, the septin
filaments are actually oriented longitudinally and that
phosphorylation crosslinks them into structures that
appear concentric by electron microscopy (see Versele
and Thorner [2005], Douglas et al. [2005], and Longtine
and Bi [2003] for reviews).
Interestingly, the transition of the septin cortex from
a static, hourglass-shaped structure into two fluid rings
is linked to the mitotic exit network and requires the ac-
tivity of the small GTPase Tem1p. Septins play an es-
sential role in restricting mitotic exit until one SPB has
entered the bud by restricting the Tem1 activator,
Lte1, to the bud (Lippincott et al., 2001; Castillon et al.,
2003). Active Tem1p in turn activates PP2A phospha-
tase, which localizes to the septin hourglass structure
and dephosphorylates septins. The activity of these
proteins is speculated to drive both septin hourglass
splitting and a return to a fluid, diffusible state, presum-
ably allowing for actomyosin ring contraction.
By creating septin-GFP fusion proteins with con-
strained fluorophore orientations, Vrabioiu and Mitchi-
son (2006) were able to monitor the orientation of these
individual molecules relative to the axis of the mother-
bud neck during septin hourglass splitting. Fascinat-
ingly, the overall dipole moment of the septin structure
transitioned 90 during the splitting of the septin
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592Figure 1. Current Model of Septin Filament
Organization
Septin filaments initially associate in longitu-
dinal orientation, parallel to the mother-bud
axis in the narrow bridge separating mother
and bud cells during bud growth (left). Co-
incident with septin phosphorylation, this
structure becomes a static, rigid structure
(middle). Following activation of Tem1 and
dephosphorylation, the hourglass splits into
two rings, concomitant with an overall re-
arrangement of septin filaments to a circum-
ferential organization (right).hourglass. Using in-vitro-purified septin filaments, they
were able to define the dipole direction relative to the
filament axis, and therefore concluded that the septin
filaments reorient from being aligned in parallel to the
mother-bud neck to being aligned perpendicular to it
(see Figure 1).
It is remarkable that this 90 rotation of a previously
constrained and static septin scaffold occurs precisely
at the time of septin hourglass splitting and coincident
with a return of the septins to a fluid-like state. The
authors speculate that this spectacular rearrangement
of septin filament orientation suggests a mechanical
role for the septins in cytokinesis. In addition, it may
explain many of the conflicting imaging results to date
in the literature, as well as the distinct change in cellular
machinery recruited to the septin scaffold at this time
in cell division (Dobbelaere and Barral, 2004).
This elegant and insightful application of polarized mi-
croscopy exemplifies the potential of this technique as
a tool for the study of septin filament regulation and func-
tion, particularly in simple, easily manipulated organisms
such as yeast. A plethora of studies will now be possible
involving the comparison of septin function prior to and
after hourglass splitting in wild-type and mutant back-
grounds. It would be of great interest to determine the re-
lationship between filament orientation and their role as
diffusion barriers. Additional studies will also be needed
to understand the intriguing relationships between sep-
tin orientation, fluidity, and phosphorylation. A moreDevelopmental Cell 11, November, 2006 ª2006 Elsevier Inc. DOI 10.101
Dissecting Mitochondrial Fusion
Because mitochondria have outer and inner mem-
branes, the fusion of two mitochondria requires the
coordinated fusion of four lipid bilayers. Fusion of
the outer membranes requires mitofusins. A newchallenging task will be to determine if similar rotational
events occur in septin structures in less easily manipu-
lated organisms such as mammals.
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study published in Cell (Meeusen et al., 2006) shows
that inner membrane fusion requires the dynamin-
related protein Mgm1/OPA1.
Mitochondrial dynamics has emerged in recent years
as an important factor controlling the function of mito-
chondria (Chan, 2006). The fusion and fission of these
